rural populations of sub-Saharan Africa.
Moreover, we do not yet understand the mechanism of the protective immune response, the nature of the defect in uis3 − GAS, and the role of UIS3 in the intact parasite. Clearly, uis3 − GAS appear to behave differently in cultured hepatocytes than do their RAS counterparts. The possibility that the immune responses provoked by GAS and RAS are distinct is exciting and requires further investigation. The wildtype sporozoite prevents apoptosis of host liver cells that would otherwise result in destruction of the parasite (13) . The behavior of uis3 − GAS suggests that some colonized host cells do undergo apoptosis, and indeed evidence from our laboratories with a different gene-deficient GAS indicates that this is the case (15) . The possible deleterious consequences to the host of localized hepatocyte apoptosis awaits evaluation. It should also be remembered that many individuals receiving a GAS vaccine are likely to be immunocompromisedthus, the potential for breakthrough infection with a GAS vaccine must be thoroughly assessed.
Despite this daunting list, the Mueller et al. work is the first concrete demonstration, since the introduction of RAS, that full sterilizing immunity against malaria infection can be achieved. P. falciparum is amenable to genetic engineering and it should not be too difficult to produce a nonreverting uis3 − P. falciparum strain, which would enable a phase I efficacy trial in humans to begin soon. Vaccinating with attenuated infectious agents is as old as vaccination itself, and GAS is merely a new take on the old RAS concept. There is at least one other gene that generates a GAS phenotype when deleted from the wild-type parasite (15) , and surely others will be found. GAS vaccine efficacy and safety could be improved by developing more complex GAS strains that lack multiple genes in a single parasite or that have a "GAS mix" containing sporozoites each with a different single-gene deletion. Each form of GAS must be evaluated for its immunization potential and the best one, or combination, taken forward to human trials. Finally, the availability of attenuated blood-stage Plasmodium parasites indicates that an attenuated whole organism approach to malaria vaccination may be applicable to other stages of the life cycle of this vicious parasite.
I
n a tradition that originated in Babylon 4000 years ago, millions of us make New Year's resolutions. Such resolutions are often to lose weight by exercising more and eating less. No doubt, before January is out, most of us who swore to take a daily walk and pass up that extra snack have slunk back to our old habits. On page 584 of this issue, Levine et al. (1) suggest an alternative strategy for weight control. They offer evidence that differences in postural habits account for variations in body weight between the lean and the mildly obese. They propose that f idgeting, may be an unusual method of weight control.
Six years ago, Levine and co-workers introduced to Science readers the acronym NEAT, which stands for non-exercise activity thermogenesis (2) . NEAT, we were told, is the energy expended by physical activities other than planned exercise-sitting, standing, walking, talking, fidgeting, etc. In their original study, Levine's group reported that equally overfed volunteers gained different amounts of weight, a difference that they explained by an individual's propensity for NEAT (2) . Now, in a sequel to this work, Levine et al. attempt to pin down the source of NEAT that accounts for this difference in energy economy (1) . These investigators outfitted self-proclaimed "couch potatoes," both lean and mildly obese, with arrays of inclinometers and triaxial accelerometers that continuously measured body posture and movements for 10 days. The authors' main observation is that obese individuals remained seated for about 2.5 hours per day longer than the lean "couch potatoes," for an average savings of about 350 kcal/day in energy expenditure (see the figure). As this energy saving was not matched by a similar decrease in energy intake, Levine et al. calculate that this economy in energy expenditure would be sufficient for weight gain in the mildly obese.
In an attempt to determine whether this economy of motion is the cause or the consequence of obesity, Levine et al. repeated the study. This time, however, obese participants were put on a diet for 2 months and the lean ones were overfed for 2 months, resulting in a loss of 8 kg and a gain of 4 kg, respectively. Although these perturbations were small in magnitude and short in duration, both the lean and obese maintained their original posture measurements. This suggests that sedentary habits are biological rather than environmentally determined.
Obesity has reached epidemic proportions in developed societies, and billions of dollars are spent on diets and health clubs in a failing effort to control weight. Weight gain is a dynamic process that results from a longterm sustained imbalance between energy intake and energy expenditure. The spectacular increase in the prevalence of obesity over the past four decades seems to indicate that environment, rather than biology, drives the epidemic (3). At present, more than twothirds of Americans are overweight and 25% are obese, and it is expected that the prevalence of obesity in the United States will reach 40% in 2010-and the rest of the world is rapidly catching up.
Although humans have evolved thrifty mechanisms to defend energy stores during times of privation, apparently we have a much harder time preventing the storage of excess energy in times of affluence. Since the Second World War, the food industry has mass-produced increasingly palatable foods (rich in fat and ref ined carbohydrates) that are easily accessible and inexpensive. This has promoted excessive food intake, discouraged physical activity, and promoted obesity and its related diseases, such as diabetes, dyslipidemia, and cardiovascular disease.
The major culprit, however, is still not entirely clear: Is it increased food intake or decreased physical activity? Population data from Britain suggest that despite a doubling of the prevalence of obesity in the 1980s, the average energy intake actually declined over this period. This suggests that the adoption of a modern inactive life style is at least as important as diet in the etiology of obesity (4, 5) . In this regard, it is worth emphasizing that the "energy gap" required to explain the increased prevalence of obesity is only 100 to 200 kcal/day (6) . This suggests that a sustained small change in either energy intake or energy expenditure is all that is required to prevent obesity in most of us (see the f igure). Therefore, the difference in NEAT observed between obese and lean individuals is signif icant and implies that obesity might be prevented through simply limiting sedentary activities, or increasing behaviors such as standing, walking, and f idgeting. Indeed, a half-century ago, Widdowson (7) found that f idgeting is important for energy expenditure. In a 1986 study, spontaneous physical activity equivalent to NEAT and measured within the conf ines of a respiratory chamber accounted for an average energy expenditure of 348 kcal/day (8). The energy cost of spontaneous physical activity varied among study participants from 100 to 700 kcal/day and accounted for a major portion of individual differences in 24-hour energy expenditure. Interestingly, these values are almost the same as those reported in the Levine et al. study in which extra "couch potato" time accounted for energy savings of 352 kcal/day on average.
The underlying mechanisms responsible for an individual's propensity to fidget are unknown. However, studies in families (9) have shown that although the degree of spontaneous physical activity is highly variable, it is more similar among siblings than among unrelated individuals. This provides indirect evidence for the idea that NEAT is genetically determined. Furthermore, in a prospective study, weight gain was inversely related to the level of NEAT, at least in males (9) . Unfortunately, if genes do determine the true "coach potato," then encouraging an exchange of time spent sitting for time spent standing, as suggested, is unlikely to help to control body weight. Instead, one could progressively change the environment to discourage sitting behaviors. What Levine and colleagues clearly demonstrate is that small but sustained changes in the activities of daily living can profoundly affect energy balance.
A moratorium on sitting. (Left) Total daily energy expenditure can be divided into three main components: resting metabolic rate (RMR), thermogenesis, and the cost of physical activity, both planned (exercise; red) and unplanned (NEAT; green). RMR represents 50 to 70% of daily energy expenditure and covers the energy necessary for body maintenance, including cellular metabolism and whole-body functions such as ventilation, circulation, and tissue oxygen uptake. RMR seems to be "fixed" for a given person, although it does decline with age. Because humans have evolved behavioral strategies (clothing) to maintain body temperature in cold environments, thermogenesis (yellow) accounts for only 10% of daily energy expenditure and encompasses the energy required to digest, absorb, transport, and store ingested food. This leaves 20 to 40% of daily energy expenditure for the most variable component, physical activity.The energy cost of physical activity can be divided into planned physical activity, such as sport and exercise, and spontaneous physical activity or NEAT, which includes all nonvolitional muscle activities such as fidgeting, muscle tone, and maintenance of posture. When people decide to increase energy expenditure for weight control purposes, usually only structured exercise is included in their calculations. Levine et al. propose that concentrating on modifying NEAT behaviors (standing instead of sitting, fidgeting instead of keeping still, or simply walking) can burn the necessary extra calories to control weight (1, 2) . In other words, targeting inactivity may be sufficient to fill the "energy gap" that leads to a creeping up of body weight (6) . (Right) Time spent sitting versus standing and ambulating in 20 self-proclaimed "couch potatoes," both lean (top) and mildly obese (bottom) (1) . If the obese volunteers substituted a mere 164 min of sitting for standing or walking around, they would expend an extra 352 kcal/day on average. This could prevent the addition of extra pounds, assuming energy intake is unchanged. 
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Lean
Obese W e usually think of a current as a flow of particles, such as the flow of electrons in a charge current generated by a battery. However, besides its charge, the electron also carries a spin, whose projection along the spin axis can point up or down. Conventional electronic devices ignore this property of the electron, but new devices are now being built that rely on the spin (1, 2) . Such devices should have faster switching times and lower power consumption than conventional devices, mainly because spins can be manipulated faster and at lower energy cost than charges can.
All cur rently available spin-based devices are memory devices that use the spin to store information. Spin-based electronic (spintronic) devices such as transistors (2) require spin currents, just as conventional electronic devices require charge currents. Unfortunately, it is very difficult to generate and transport a spin current.
To understand what is meant by a spin current, consider an electron current that flows through a channel and contains only up-spin polarized electrons. Add to this a similar current in which all electrons are down-spin polarized and flow in the opposite direction. The result is a current of spins only; there is no net particle transfer across any cross section of the channel.
A spin current differs from a charge current in two important ways. First, it is invariant under time reversal: If the clock ran backward, spin current would flow in the same direction. Second, spin current is associated with a flow of angular momen-
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